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F l igh t  tests were oonduoted on two  propel ler-dr iven  a i rplanes 
having  wings of U C A  66-series and U C A  230-serfes a i r f o i l  seotiom, 
respect ively,  t o  determine the e f feut  of def leo t ing   the  landing 
f l a p s  upward on the  high-speed  longitudinal-control  charaoterist ios.  
The flap8 were defleoted - 6 O  011 the former and -$.So and -8 .7O on 
the latter. The resu l t s   ob ta ined  indioated that on both  airplanes 
the   nega t ive ly   def lec ted  flaps had the   des i red  effeot  of rsduoing 
the   va r i a t ion  with Mach number o f  the a i rp lane  and hor izonta l - ta i l  
angles of attaok a t  a oonstant value of airplane  normal-force 
coef f ic ien t .  For the a i rp lane   wi th  the NbCA 66-series a i r fo i l ,  a 
decrease i n  the diving  tendenay a t  high Maoh numbers r e su l t ed  &am 
the improvement i n  angle-of -a t taak   wr ia t fon .  For t h e   a i r p l a n e  
wi th   the  MCA 230-aer ies   a i r foj l ,  however, no appreciable improve- 
ment i n  the  diving tendenoies resul ted.  It appears that fo r   t he  
l a t t e r   a i r p l a n e  a detr imental  ohange i n   t h e   v a r i a t i o n  with &ah 
number of   the pitching moment of the a i rp lane  w i t h o u t  the  t a i l  
o f f s e t s  the favorable  effect  produced by the   reduct ion  of  the angle- 
of-at taok  var ia t ion.  

INTRODUCTIOH 

For conventional  airplanes  with unawept wings the problem of 
maintaining  sat iafaotory  longi tudinal-control   charaoter is t ios  a t  
eupercr i t ical   speeds i s  s t i l l  an impediment t o  Azrther speed 
increases.  One of   the   p r inoipa l  obstacles has been t h e  diving 
tendenoies  which have been experienoed a t  high Bdaoh number8 rpith 
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these airplanes.  A large quan t i ty  of rind-tunnel data and # o m  
f l fght  data have establ ished the 8ouroes of the diving  tondemier 
and several reportr ham been written sumrPari&ing the finding8 of 
theae  inveet igat ione (refbrsntses 1, %and 3). The  variation rfth 
Maoh number of t h e  wing angle  of a t b o k  for a oonrtant litt 
ooef f lo i en t  ha8 been  demonstrated t o  be one of ths frotors that 
s t rong ly  influsnoe t h e   d i d n g  tendenoy. 

Beoent  two-dimensional tests on . a n  IW2.A 65-210 a i r f o i l  in the  
Ames 1- by 3 6 f O O t  high-speed  wind-tunnel showed that t h e  ohanges 
i n   a n g l e  of attaok to maintain a oonstant lift ooef f lo ien t  with 
Maoh number were reduced  progressively as a t ra i l ing-edge f l a p  waa 
def l ec t ed  upward t o  6.3', the  higheet  angle  tested.   Similarly,  
resu l t8   p resented   in   re fe renoe  2 showed that on an a i rp lane  Kfth a 
wing having an UCA 66-series a i r f o i l   s e o t i o n  the divlng  tendenoiss 
were a l l ev iq t ed  up to the higheet f e e t  Maoh number by reflexing the  
a f t  portiori of the  wing oenhr section. Prom these   r aau l t s ,  it m s  
surmised that an improvement ;In the   diving  tendencies  of oonven- 
t ional   a i rplanes  might  be obtained by def lec t ing  the landing f l a p s  
upward. The r e l a t ive   a fmpl io i tg  o f  thia   operat ion as a poss ib le  
a o l u t i ,  7 for the problem makes it p a r t i o u l a r l y  attractive for 
a i rp lanes  with unawept wings now i n   s e rv ioe   o r   cu r ren t ly   be ing  
designed. 

IR order t o  establish the u t i l i t y  of the  measure, f l i g h t  t o s t 6  
were conduoted at t h e  Ames Aeronautioal  Laboratory on two modern 
propel ler-dr iven  f ighbr- type  a i rplanes.  One of t h e m   a i r p l a n e s  had 
a wing with an NACA 66-ser ies   a i r fo i l   sec t ion   and   the   o ther  had a 
ning  with  an NACA 230-aer ies   a i r fo i l   mot ion .  

Although the  t e s t  programs have not been oompleted, some 
gigni f ioant   reau l t s  have been obtained on both  a i rplanes  l r f th  the 
f laps   undefleoted  and  def leoted upward. The present   report  has 
been  prepared t o  show these  reaults. .  

Y f'ree-stream Woh number 

4 free-stream dynamio pressure, pounds per square foot 

CN airplane  normal-foroe  ooeffioient (mz/qS) 

W airplane  weight,  pounds 

AZ r a t i o  of  net 'aerodynaflo  form  along  airplane 2-axia 
(posi t ive when d i reo ted  upward) t o  weight of airplane 
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S t o t a l  uing area, square feet 

. 
' 6  elevator   angle  with respeot  t o  s tabi l izer   ohord-l ine,  

degrees 

6f f l a p   d e f l e u t i o n   ( d m - f l a p  defleotion posi t ive) ,   degrees  

F elevator s t i o k  force,  pounds 

atA airplane  angle  of a t t aok  a t  fuselage  referenoe  l ine,   degrees  

ctt horizontal tail angle of  attaok,  degrees 

The a i rp l ane  hadng a wing of  NllCA 66-se r i e s   a i r fo i l   s ec t ion  
i s  designated in  t h i s   r e p o r t  as a i rp lane  1 and the   a i rp lane  having 
a w i n g  of  NACA 230-series airfoil sec t ion  i s  designated as a i rp lane  2. 

Three-Tiow drawings of a i rp l anes  1 and 2 are shown f n  figures 1 
and 2, respeot ively,  and three-quarter  rear-view photographs are 
shown i n   f i g u r e s  3 and 4. Pertinent  dimensions of the two a i rp lanes  
are presen ted   i n  the fol lowing  table:  

I t e m  
~ Gross welght, pounds (average i during flight) 

~ Wing area, square f e e t  
~ Span, feet  i Aspect   ra t io  
~ d i r f o i l   s e c t i o n  
I Root,at a i rp l ane  oenter l i n e  

~ 

Tip 

M.A.C., inches 

Inoidenoe (root ohord t o  
fuselage reference line) 

Ning flaps,   eaoh 

Span, feet 
Tip  locat ion,   percent  semispan 
Chord, peroent   looal  ohord 

Tne  

Root 
T i n  

A i r D l a n e  I 

8200 

235 
37.0 
5.82 

NdCA 

1.00 

p l a i n  
9.5 
60 

Akplane  2 

9100 

244 
35.5 
6.17 

MCA 23018 

WCA 23009 

87.55 

-1.50 

s l o t t e d  

66 
9.65 
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On both a i rp l anes   t he  wing  guns wre removed and the gun po r t s  
and   oar t r idge-e jeo t ion   s lo t s  were covered u i t h  doped fabrio.  When 
the f laps  were def leo ted  upward on the airplanes, the gaps bst.lrsen 
the f lapa  and the wing on the lower surfaoes of both a i rp l anes  and 
on the  upper  surfaoe o f  a i rp l ane  2 were ooversd by metal s t r i p s  
( f ig s .  6 and 6). 

1NSTR”ERT INSTALLATION 

Standard NACA oontinuously  reoording  inetruments were used to 
reoord the variables measured. 

The airspeed.  heads, a Kollsman type  on a i rp l ane  2 and a 
swivelling-head  type on a i rp l ana  1, were mounted OR booma one-ohord 
l eng th  ahead of  t h e  left-wing t i p  of the   respsotfve  a i rplanes.  No 
f l i g h t   o a l i b r a t i o n  m a  made of the a i r apeed   r eoorde r   i n s t a l l a t ions  
a t .  high Maoh numberat f o r   a i r p l a n e  1, oompressibi l i ty   oorreot ions 
for the a i r speed  head, a8 obtained from high-speed tunnel  tests, 
were applied.  

Airplane  angle-of-attaok  measurements were obtained from 
di reo t iona l   p i to t   heads  mounted on boom  extending one-chord length  
ahead of the r i g h t  wing t i p  of each a i rp lane   ( f ig .  7(a)). 
Corrections were a p p l i e d   t o  t h e  readings of’ t h i s  head f o r  oompresai- 
b i l i t y  a8 derived from t e s t s  of a similar type head i n  t h e  h a  
1- by 3&-foot wind tunnel.  No oorreot ions were app l i ed   fo r  
d e n s o t i o n  of  t h e  boom o r  o f  t he  wing. Simi la r   i n s t a l l a t ions  were 
used for determining  the  angle  of  at taok of  t hb  horizontal t a i l  
(‘fig. 7(b)  1 

Control-posit ion  reoordsrs were oonneoted d i r e o t l y  t o  t he  
e leva tors  and t o  t he  ailerons of  a i rp lanes  1 and 2 t o   r eoord   t he  
def leo t ione  of these 8urfaoe8. 

TESTS AND PROCEDURE 

Tests uere oonduoted on a i rp l ane  1 with the f l a p s  undefleoted 
and with  the f l aps   de f l eo ted  -6O.  On a i rp l ane  2 t e s t s  were made 
withothe flaps undefleoted and w i t h  the flaps  de-fleoted -4.5’ and 
-8.7 . For eaoh   oonf ip ra t ion ,  data were obtained a t  Maoh numbers 
ranging from 0.4 t o  the maximum praot ioable ,  and f o r  normal accel- 
e ra t ions  ranging from those of steady f l igh t   to   va lues   cor responding  
t o  an   a i rp l ane  no-1-foroe ooe f f io i en t  of about 0.4. The t e s t  
al t i tudes  oentered  around 20,000 feet w i t h  variations  not  exoeeding 
*6,000 feet. 
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For a i rp l ane  1 the   cen ter  of g r a v i t y   a t   t a k e - o f f  was a t  about 
25-percent M.A.C. and moved forward during each   f l i gh t   t o   abou t  
24-peroent M.A.C. due t o  fie1 oonsumption. The corresponding 
oenter-of-gravity movement of a i rp l ane  2 was from about 26-peroent 
M.A.C. t o  approximately 25-peroent M.A.C. Bo attempt w a s  made t o  
co r rec t   fo r   t hese  small var ia t ions  i n  center-of-gravity  posit ion 
in   t he   eva lua t ion  of  t h e  data. 

Normal rated power was used throughout the t e s t s  of  a i rp lane  2. 
For a i rp lane  1 normal-rated power was used  for   the  dive tests and 
power required f o r  l eve l  flight was employed at lower speeds. 

The t e s t  procedures were a u b s h n t i a l l y  similar fo r   a i rp l anes  
1 and 2. The a i rp lanes  were t r i m e d   l o n g i t u d i n a l l y  a t  a Maoh 
number of about 0.65 a t  an altitude of 20,000 feet. For  each tes t  
Wch number, records were obtained in a t r a i g h t ,  steady flight or . 

i n  steady  divea. For h igher   acce le ra t ions ,   essent ia l ly  s ta t ic  
da ta  were  obtained i n  steady t u rns  at a oonatant   aacelerat ion or, 
at the   higher  speeds, i n  eteady  dive pull-outs during  which the 
pi lo t   a t tempted  to hold t h e   m c s l e r a t i o n   c o n s t a n t  w h i l e  t he  Mach 
number was allowed to vary. 

In the   tes ts ,   aont inuous  records were obtained o f  the airspeed,  
pressure a l t i t u d e ,  normal aacelerat ion,   e levator   angle ,  and elevator 

the   horizontal  t a i l  were obtained. These l a t t e r  t w o  quan t i t i e s  were 
not measured on airplane 2 with the f l a p  defleoted -4.6O. Reoords 
were a180 obtained of the  motions of the a i l e rons  of  t h e  two 
airplanes.  

Et iak  foroe.   In   addi t ion,   the  angle8 O f  a t t a c k  Of t he  XI.% and Of 

RESULTS 

In evaluat ing  the results obtained,   the   data  were f irst  eegra- 
gated i n t o  small ranges of  Maoh number (bM 20.02 , exoept where rapid 
ohanges . i n  the variables being studied  indioated a need f o r  a 
smaller range of Mach number). For eaoh small range of Kach numbers 
the  following items were p lo t t ed  8s a f i n a t i o n  of a i rp l ane  normal- 
force a oe fficisat s CN t 

1. Elevator  angle J 8, 

2 . Elevator hinge-moment oosffioient 
parameter , F/q 
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Severa l   t yp ica l   p lo t s  are presented i n  f i g u r e  8 t o  i l l u s t r a t e   t h e  
number of t e s t  pointa  obtained f o r  eaoh ourve and the  degree of  
d i spers ion  o f  the   da ta .  

From ourves similar t o  thoae of  f i gu re  8 values of  the  var ious 
parameters were se leo ted  for va lues  of Cg of 0.1, 0.2, and 0.3 
and were p lo t t ed   aga ins t  Maoh number. . f igure  9 shows t he   va r f a t ion  
with k c h  number of be and F/q fo r  values of Cg of 0.1, 0.2, 
and 0.3 for a i r p l a n e   l ' w i t h  f laps  undefleoted and def leo ted  -6'. 
Pigure 10 shows t h e  var ia t ion   wi th  Maoh number of and a+ 
for the  same conditions. 

Simi lar  curves   fo r   a i rp l ane  2 with  the  f laps  undefleoted and 
def lec ted  -8.7O are shown i n  figuree 11 and 12. The ourves f o r   t h e  
f l ap   de f l eu ted  - 4 . 6 O  were not inuluded, aa oomplete data were not  
ava i l ab le  f o r  t h i s  oonfiguration, and the resul t8   obtained showed 
no appreoiabl6 ohange frm thoae obtained w€th ths flaps  undefleoted. 

DISCUSSICW 

. 

For a given a i rp lane  a t  a g iven .   a l t i tude   the   s teady  f l i g h t  value 6 

of a i rp l ane  CN var i e s   i nve r se ly  as the   square o f  the  Maoh number. 
However, i n  the Maoh number range i n  whioh i n t e r e s t  is oentered  in  
the present   inves t iga t ion  (M r0.65) the var ia t fons  o f  C ~ T  with Maoh 
number f o r   a t e a d y   f l i g h t  are small for  wing loadings of  the order 
of  40 pounds per square  foot. For convenienoe it has become accepted 
p rao t i ce   i n   such  oaaes t o  regard the changes that oouur a t  a given 
value of Cy (CN Z0.l) as ind ioa t ive  of. those  that would occur i n  
s teady   f l igh t .   This  is the  proceaure used i n   t h e   a n a l y s i s  of the 
data  for the   present   invest igat ion.  

Airplane 1 

Undefleuted flaps.- The var i a t ions  of e levator   angle   and the 
stick-form  parameter F/q with Maoh number wi th   the   f laps   undef lec t -  
ed ( f ig .  9 )  show t h a t  at a Maoh number of  about 0.70 a d iv ing  
tendency  begins t o  s e t  in, which inoreases &til a U o h  number o f  
about 0.77 i s  a t ta ined .  As the  &oh number i s  inoreased  fur ther  to 
the  value of about 0.8C5 the diving tendency deereases s l igh t ly .  
The ohanges In e leva tor  angle r equ i r ed   fo r  t r i m  that oharaoter i te  
the  diVinp,  tendenoy,  range from 2-3/4O for  a value of CN of 0.1 
t o  4' f o r  a value  of CN of' 0.3, and  the  oorres onding s t i ck -  
force  changes as indioated by the  changes i n  F'L range  from 11 
pounds t o  36 pounds, respeotively.  
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maps  defleoted -6'0- When the f l a p s  were def lec ted  -6O a emall 
ohange i n   e l e v a t o r  t r i m  angle oaourred a t  low &oh numbers (fig. 9)'.  
The &oh number a t  whioh the  diving  tendenoy oonmrenoed, as i n d i o a k d  
by  both  the elevator angle and the   s t iok-foros  parameters (fig. 9 ) ,  
was increased by about 0.02, and the rate of  inorease of the diving 
tendency  with  inoreasing llEaoh number was appreaiably  reduosd. A t  
Mach numbers from 0.76 t o  0.18, depending on the value of a i rp lane  
CxS a reveraal i n  the  t rend  of the ourvea ooours vhioh persists t o  
the h i g h e s t   t e s t  Mhoh number of about 0.795. The over-all ohanges 
in e leva to r  angle requi red   for  t r i m  range from 19 f o r  a value of 
Cg o f  0.1 t o  16' for  a value of CE o f  0.3, and the  oorreeponding 
st ick-force ohanges range frcm 15 pounds push  forae t o  1 0  pounds 
pull   force,   respeotfvely.   Cmparieon o f  these values w i t h  the values 
previously  quoted  for  the a i rp l ane  with the f lap8  undeneoted shows 
immediately  the  sizable improvement in longitudinal-oontrol 
oha rac t e r i s t i o s   e f f eo ted   w i th in  the  test limits by defleotfng tho 
f l a p s  upward. 

It is  also  noteworthy that t h e   r e l i e f  of the diving  tendency 
that occurred a t  the   h ighes t  k c h  rtmbers with the flaps negat ively 
def leo ted  m s  noted favorably by the p i l o t ,  but that the oorrespond- 
i ng   r e l i e f   w i th  the flaps undeflected was n o t  apparent. 

It appears f'rm analys is  of' the r e s u l t a  s h m  i n  figures 9 Qrnd 
1 0  that on a i rp lane  I, def leo t ing   the   f laps  -6O provided a sizable 
reduction of the div ing  tendenoy by reducing the v a r i a t i o n  with Maoh 
number o f  the airplane  angle  of  attack f o r  a aonetant  normal-form 
ooeff ioient .  T h i s  r e d u o t i o n   i n  the variation of a i rp lane  angle of  
attack wi th  Mach number r e su l t s   p r imar i ly  from a favorable loss  in 
f l a p  ef fea t ivsness  a t  &oh numbers above about 0.70. The reduotion 
i n  f lap   e f feo t iveness  i s  i n d i c a t e d   i n   f i g u r e  10 by the oonwrging 
t rend  of   the ourvet? f o r  the a i rp l ane  angle of attaok. b h o ,  it 
appears that with t h e  f l a p s  defleoted upward, important t r i m  ohanges 
oocur a t  the highest  test &oh numbers whioh are g r e a t e r   i n  magni- 
tude than oorresponding changes i nd fca t ed   fo r  t he  undefleoted-flap 
configuratfon and whioh appear t o  be assooiated with dmnwash 
changes r e s u l t i n g  from abrupt  changes in span load d i s t r i b u t i o n  of  
t h e   f i n i t e  apan wing. 

Airplane 2 

Flaps undef1eoted.- T h e  var ia t ions   wi th  Maoh number of the 
e l eva to r  angle and t h e  st iok-foroe parameter f o r  f laps  undefleoted 
shown i n  figure 11 iHdioate that the  diving  tendenoy  sets  i n  a t  a 
Wch number of about 0.70 and  oontinues t o   i n o r e a s e  up t o  the 
h i g h e s t   t e s t  Maoh number. Xi th in   the  t e s t  limits, the observed 
ohanges i n  trim for   an  a i rplane  normal-force  ooeff ia ier t   of  0.1 
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are about 2.3O elevator  angle  and  about 64 pounds a t i o k  foroe. As 
oompared with the   resu l t s   ob ta ined  on a i rp lane  1, the   e levator-  
angle  ohanges are approximately the same over a comparable Maoh 
number range,  while  the measured stiuk-foroe ohanges are  oonsider- 
ab ly   g rea te r .  As the  value of CN is inoreased ,   the   ra te  of 
ohange wi th  Maoh number of  elevator  angle and of  etick-force 
parameter beoomes progressively  greater .   This   oharaoter is t io ,  
ooupled  with  large ohanges i n  trim a t  low values of CN, makes 
it i n o r e a s f n g l y   d i f f i o u l t   t o  reuover from high Maoh number dives. 

The a i rp l ane  and tail angles of attaok  oorresponding t o  the 
r e s u l t s   f o r   u n d e f l e o t e d   f l a p  shorn in f igure  11 are presented in 
f igu re  12. These data show that t h e  va r i a t ions  i n  tall angle of  
a t t a o k  are r e f l ea t ad   qua l i t a t ive ly   by   t he  changes i n   e l e v a t o r  
angle and stiok-foroe parameter. It appears  then that the diving 
tendenoy of the a i rp lane   wi th   f lap6   undef leo ted   resu l t8   p r fmar i ly  
from t he   i no rease   i n  the angle  of  at taok of the   a i rp lane  f o r  a 
oonstant  normal-foroe  ooeffioient. 

Flaps  defleoted -8.7O.- It i a  shown i n  f igu re  11 that def leo t -  
ing the landfng flaps -8.70 did not appreoiably improve the 
longi tudinal-oonkol   oharaoter ie t ios  of the a i r p l a n e   a t   h i g h  Maoh 
numbers. The ohange i n   e l eva to r   ang le   r equ i r ed   fo r  t r i m  fo r  a value 
of CH of 0.1 i s  about 2.8O, and  the  oorresponding  stiok-foroe 
ohange is approximately 47 pounds. The diving  tendenoy s e t a  i n  a t  
a a l i g h t l y  lower Mach number than was the oaee with the  flaps 
undefleoted. However, a a l i g h t  improvement is noted i n   t h e  rate 
of  inorease of  the diving  tendenoy  with  inoreasing Maoh number. 
In addi t ion,  a des i r ab le   r eduo t ion   i n  t h e  stiok-foroe  parameter 
gradient  d(F/q)/dCN is  obtained at high Maoh numbers. Also, aa 
oontrasted with the resu l t s   ob ta ined  with the landing  f laps  
undefleotsd, a ohange i n  the trend of the  oume8 at the higher 
tes t  Maoh numbers indioa tes   tha t   an  upper l i m i t  for t he  trim 
ohanges mop exist at speeds  s l ight ly   higher   than  the  highest  t e s t  
values. 

Airplane buffe t ing  whioh inoreased in seve r i ty  wi th  inoreasing 
Maoh number andsnormal  aooeleration was experienoed with a i rp lane  2 
with the f lap8 \itndefleoted  and  defleoted  umard. Thia buffet ing 
was more severe  than the  r e l a t ive ly   s l i gh t   bu f fe t ing   r epor t ed   fo r  
airplane 1, pa r t i au la r ly   w i th  the f l a p s  defleoted upward, and 
l imitad the  Maah numbers and noma1 aooe le ra t ione   t o  whioh the 
tests oould be oarriod. 

Figure 12 6hms that the v a r i a t i o n  of a i rplane  angle  of a t t aok  
with Maoh nmbr leas e s s e n t i a l l y  unohanged exoept above 0.75 Maoh 
number. Emever, there k 6  a defini te   reduot ion i n  the   va r i a t ion  
of hor izonta l - ta l l  angle of attaok w i t h   k o h  number exoept a t  the 
highes t  t e s t  volua of a i rp lane  Cgl. As ampared wlth t h e  r e s u l t s  
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obtained on a i rp lane  I, the   reduot ion   . in  the var ia t ion   wi th  Mach 
number o f  a i rp lane  angle of a t t a c k  was not as marked, ind ica t ing  
a l e s se r   r educ t ion   i n  flap effect iveness   for   a i rplane 2 a t  high 
Yach numbers. Although, for t h e  up- f lap   conf iGra t ion  a t  the lower 
values o f  a i rp lane  CN, a mater ia l  improvement i n  the   var ia t ion  
with  &ch number of t h e  horizontal t a i l  angle of attack was noted 
(due t o  an   inboard   sh i f t  o f  span loadin8 on t h e  wing at high Maoh 
numbers), t he re  was no corresponding improvement in the   var ia t ions  
of  e levator   angle  and s t ick-force  parmeter .  I t  appears,   there- 
f o r e ,  t h a t  f o r  the  negative-flap  configuration,  the  diving  tendencies 
ap,narently a r i s e  f r o m  a d i f f e r e n t  source  than they do with f l a p s  
undeflected. T h a t  is , with   the   f laps   def leu ted  uprnard the   d iv ing  
tendencies  are  probably  caused  by uhanges i n   t h e  pitching-moment 
coe f f i c i en t  of the airplane  Kithout   the  horizontal  tail, while  with 
the   f l aps   neu t r a l   t hey  are due mainly t o  charges i n   a n g l e  of' a t t a c k  
of the   a i rp lane  and the  corresponding  increases   in  tail angle of 
a t tack .  

These resu l t s   a re   in   dec ided ,cont ras t   wi th   those   ob ta ined  an 
a i rp lane  I where reduoing t 5 e  var i a t ion  of  angle o f  a t t auk  of th8 
airplane  provide5 a noticeable  improvexent i n   t h e   v a r i a t i o n  o f  
elevator  angle aEd s t i c k  force with &oh number. 

CCXCLUSIONS 

Fl igh t  tests were conduoted on two a i r p l a m s  having wings of 
NaCA 66-series and NACA 230-series  sections,   respectively,  t o  
de t e ra i r e  the e f f e c t  o f  def lec t ing   the  landire f l a p s  upward on the  
hie,h-sy;eed longi tudina l -cont ro l   charac te r i s t ics .  From t h e s e   t e s t s  
t h e  following conclusions have been drawnt 

1. Upward deflection of the l anding   f laps  had the   des i red  
p r i m r y  ef fect  of  reducing   the   var ia t ion  of hor izonta l - ta i l  angle 
of  attack,  and a "seocmdary*' e f f eo t  o f  causing 8 negative  inorease 
o f  t h e   p i t c h k g  moment o f  the wing with &oh number. The over-all 
resu l t  was dependent on t h e  r e l a t i v e  magnitude of these t w o  e f f e o t s .  
For t h e  a irp lane  with a w i n g  of NACA 230-ssriea a i r f o i l   s e c t i o n   t h e  
wing pitching-mment  faotor ~ 9 . s  suff ic ie- . t  t o  oounteraat a lmost  
conpletely a favorable  chacge  in  horizontal-tail   an@-of-attack 
va r i a t ion  that resulted from def lec t ing  the f l a p s  -8m7O. For the 
a i rp lane  -it% the  wi"& kaving an  KACA 66-series airfoil sec t ion ,  
however, t h i s   fmto r   d id   no t   co rn le t e ly   . o f f se t   t he   r educ t ion  in 
hor izonta l - ta i l   ane le-of -s t tack   var ia t ion  so that a not iceable  
decrease i n  t k e  diving  tendenuy  resulted  from  deflecting the 
f l a p s  -6'. 

2 .  For both  a i rplanes,  a t  values o f  normal-foro6  coefficient 
up to 0 .3  , def lec t ing  the  landing  f laps  umard  reduced  appreoiahly 
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t he   va r i a t ion   w i th  Kach number of the   a i rp lane   angle  of a t t a c k   f o r  
oonstant  normal-foroe  coeffioient. The e f feo t  was much more 
pronounced i n   t h e   c a s e  o f  t he   a i rp l ane   w i th   t he  wing having a 
6 6 - s e r i e s   a i r f o i l   s e o t i o n ,   i n d i c a t i n g   t h a t  a greater ,   favorable  
loss o f  f lap   e f fec t iveness  was obtained with t h i s   a i r p l a n e .  

3. On the a i rp lane  with the '66-series a i r fo i l   impor t an t  
favorable t r i m  changes  ooourred a t  the   h ighea t  test Mach numbers 
wi th  the f laps defleoted -6O whioh  were g r e a t e r   i n  magnitude than 
corresponding ohanges noted with t h e  f laps  undeflected  and whioh 
appeared t o  be associated  with abrupt changes i n  span load 
d i s t r ibu t ion .  

Ames AeronautFcal  Laboratory, 
National  Advisory Committee for  Aeronautics,  

Koffet t   Field,  Calif. 

REFERENCZS 

1. Hood, Manley J., and  Allen, H. Ju l i an :  The Problem of 
Longi tudina l   S tab i l i ty  and Control a t  nigh Speeds. NASA 
CB NO. 3E18, 1043. 

2. Axelson, John A.: Longi tudina l   S tab i l i ty  and Control of 
High-speed Airplanes  with  Particular  Referenoe t o  Dive 
Raoovery. NACA RXk! No. A7C24, 1047. 

3. Frown, Harvey H., Rolls, L. Stewart, and Cloushg ,  Lawrence A , :  
An Amlys i s  o f  Longitudinal-Control Froblems Encountered i n  
F l igh t  a t  Tramonic Speeds with a Jet-Fropelled  Airplane. 
M C A  RRbI NO. A7G03, 1947. 



NACA RM No. A7I26 Fig. 1 



NACA R M  No. A7126 

.- 



. . . .  .. . .  . 

I . ,  , 

Figure 3.- Time-quarter rear View of airplane 1. 
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Rgure 4.- Three-quarter rear view of airplane 2. 
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NACA RM No. A7I26 F’ig. 5 a, b 

(a) Upper surface. 

(b) Lower surface. 

Figure 5.- Views of reflexed f l a p s  on airplane 1. 
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(a) Upper surfaoe. 

(b) Lower surface. 

Figure 6.- Views of reflexed f laps  on airplane 2. 
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(b) Horizontal t a i l  i n s t a l l a t i o n .  

Hgure 7.- Views of d i r e o t i o n a l  p i t o t  head i n s t a l l a t i o n s  on a i rp lane  1. 
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Flap unde flected 
""_ Flap deflected -6 O 
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